We characterized the temperature conditions inside narrow rocky outcrops that served as habitats for semi-fossorial small mammals in a mountainous locality on the Japanese Islands. Usually, it is considered that the narrow rocky outcrops have poorer resources than the soil ground of forest floors, which have rich vegetation and nutrition. On the basis of this tendency, it is considered that ecologically dominant species occupy the rich soil habitats and subordinate species are chased away to the narrow rocky outcrops by ecological species competitions, resulting in habitat segregation. However, the present temperature data revealed that the temperatures inside rocky terrains were more stable than the shaded ambient temperatures in the forest. The rocky habitats were apparently colder in summer and warmer in winter, in both daily maximum and minimum temperatures, than the ambient temperatures in the forest during the research period. In addition, the daily difference between maximum and minimum temperatures in the rocky habitats was apparently smaller than that of the ambient ones. These temperature conditions in the narrow rocky outcrops are advantageous to the small mammalian metabolic system. Namely, we estimate that the semi-fossorial small mammals are not chased out by the dominant species through ecological competitions and that the semi-fossorial small mammals may occupy the narrow rocky outcrops as a more advantageous habitat than the forest floor.
Introduction
In natural conditions of Honshu of the Japanese Islands, the red-toothed shrews, Sorex Open Access shinto and S. hosonoi, the Japanese shrew-moles, Dymecodon pilirostris and Urotrichus talpoides, the red-backed voles, Eothenomys andersoni and E. smithii, and the Japanese field mice, Apodemus argenteus and A. speciosus, are recognized in rock outcrops as small mammalian species [1] - [4] . Of them, the Sorex shrews, D. pilirostris, U. talpoides, E. andersoni and E. smithii use incomplete burrows and rock crevices as well as ground, and are considered to be typically semi-fossorial species [1] - [4] . On the other hand, the Apodemus species also widely occur on forest floors, grass fields, and cultivated fields as terrestrial species, and particularly A. argenteus shows spatial usage of trees as a semi-arboreal species [4] - [7] .
Generally, rocky outcrops (Figure 1(a) ) have poorer vegetable diversity and resources and soil nutrients than the rich soil grounds of forest floors, which bear rich Figure 1 . Current research sites (A, B, C, D and F, above) that are identical to those in previous study [3] . Black lines indicate rocky terrain valleys. White arrowhead and black arrowheads indicate the present logger set points: the control and the inside crevices of rocky terrains, respectively. Photographs indicate a typical appearance of data logger setting sites of a rocky terrain ((a), site F) in early spring and of those typical inside a crevice indicated by an arrow (b). The data logger is set at 30 cm inside a crevice from the rocky outcrops. vegetation as useful resources for small animals [8] - [12] . Considering these situations and micro-habitats of the small mammals, small mammals inhabiting areas with poor vegetable resource and soil conditions, such as the rocky outcrops, are considered to be ecologically subordinate species from the standpoint of interspecific competitions and interspecific interactions [13] - [20] . For example, it is known that D. pilirostris seems to be chased away from the rich soil areas to the rocky outcrops by a more dominant species, U. talpoides, as an example of interspecific ecological competitions [13] - [21] . In addition, the red-backed voles, E. andersoni and E. smithii, are frequently recognized in rocky outcrops, and it is estimated that they also competed with the Japanese field mice, A. speciosus and A. argenteus, in the natural environments because both Apodemus mice are dominant in entire areas of their habitats [2] - [4] [22] . According to the ecological competition among these small mammals only, however, it is difficult to explain why D. pilirostris, E. andersoni and E. smithii are constantly recognized at screes and rocky outcrops as rock-dwelling species, particularly in situations where there is an absence of the dominant species, such as in alpine and subalpine areas [14] [23] . Considering this fact, it is thought that they prefer the rocky outcrops as habitats irrespective of the interspecific competition causing habitat segregation [18] [24] .
Here, we hypothesized the presence of an advantage in the narrow rocky outcrop habitats over the forest floor habitats that have rich soil and vegetation. In this study, of the several environmental elements for the habitat preferences of the terrestrial and semi-fossorial mammals, we focused on the temperature of the habitat and evaluated the temperature conditions in narrow rocky outcrops as an ecological habitat advantage for these species.
Materials and Methods

Research Sites
We set five sites, A-F except for site E, showing narrow rocky outcrops with slight daylight in natural broadleaf forests and plantations of the Japanese cedar Cryptomeria japonica in Fujinomiya, Shizuoka Pref., Honshu, Japan (35˚20'N, 138˚32'E, alt. 650 -750 m; Figure 1 ), as in our previous research [3] .
Research Fauna in the Sites
We researched terrestrial and semi-fossorial small mammal fauna at these sites using 
Collection of Temperature Data
To record temperature data for the rocky condition, we put five temperature data log- To obtain time differences as time lags between the control and each site for daily maximum (DT max ) and minimum (DT min ) temperatures, we used the following formula: time lag (T lag ) = |time recorded at control − time recorded at each site|.
Results
Small Mammalian Fauna in the Sites
The trapping results are shown in 
Temperature Data
The temperatures inside the rocky outcrops at the four sites and in the control were recorded as shown in Figure 3 . The maximum temperature throughout all of the days ranged from 20.39˚C to 23.02˚C at the four sites but was 29.69˚C at the control in summer (Table 1 and Figure 3 ). On the other hand, the minimum temperature throughout all of the days ranged from −3.18˚C to −0.31˚C, and that of the control was −6.52˚C in winter (Table 1 and Figure 3 ). In addition, the DT max at the four rocky sites (A, B, D, and F) differed significantly from that at the control by Dunnett test at p = 0.001 (Table 1) . On the other hand, the DT min at the four rocky sites (A, B, D, and F) did not differ from that at the control at p = 0.05 (Table 1) . Moreover, the average of the difference (± SD) between the DT max and DT min at the five rocky sites ranged from 0.58 ± 0.481 to 1.10 ± 0.581 and differed significantly from that at the control, 5.31 ± 2.093 ( Table 1 ).
The times recorded with the DT max and DT min were partially delayed from those of the control throughout the annual period. The data logger of the control mostly recorded the times of the DT max and DT min at during the daytime (10:00-16:00) and early morning (2:00-8:00), respectively ( Figure 4) . Here, we divided the T lag into four periods, |0| ± 3 hours, |6| ± 3 hours, |12| ± 3 hours, and |18| ± 3 hours, in all of the sites except for site C. According to the T lag between the times recorded in the control and in each site for the DT max and DT min , 100 -216 days (27.4% -59.2%) at |0| ± 3 hours and 56 -113 days (15.3% -31.0%) at |12| ± 3 hours were recorded in comparison with the 
Discussion
In the present trapping results, a few species of terrestrial and semi-fossorial small mammals were collected at the rocky outcrops irrespective of capturing only three species of terrestrial small mammals at forest floors in site A (control) (Figure 2) . Thus, the current capturing results suggest that the rocky outcrops are appropriate as habitats for terrestrial and semi-fossorial small mammals. Actually, D. pilirostris and E. smithii are considered to be rock-dwelling species according to ecological research [3] [21]. On the basis of the present data from the loggers, the five rocky outcrop sites fundamentally showed specified temperature conditions in comparison with the shaded ambient temperature at the control of site A (Table 1 and Figure 3 ). The present data revealed that the DT max inside the cracks of the rocky outcrops was apparently lower in summer and higher in winter than the shaded ambient temperature at the control during the research period (Table 1) . Actually, the data logger recorded approximately 20˚C as the maximum temperature in summer and 0 ˚C as minimum temperature in winter (Table 1 and Figure 3) . Such a tendency of temperature differences between above ground and underground was also observed in a habitat of the red-backed vole in mountainous areas [25] . Generally, ectothermal animals are sensitive to cold stress and endothermal animals to heat stress [26] . For example, degus distributed in mountainous areas of Chile have daily activities in the morning and at night in summer and in the daytime in winter, and such activities are observed at approximately 20˚C in summer and 10˚C in winter [27] . In addition, it has been reported that metabolic rates are higher in summer than in winter in red-backed vole species [25] [28] . Moreover, for ground squirrels, the percentage of time spent in burrows and shady areas increases with a rise in ambient temperature, leading them to desire cooler conditions [29] . Considering the current colder temperatures inside rocky outcrops in summer and the seriousness of heat stress for mammals [30] , it is understandable that the small mammals that are adaptive to the temperate climate prefer the present rocky condition, which is colder than the ambient condition, particularly in summer, as shown in the pikas preferring rocky outcrops [31] . Thus, the present lower DT max in the rocky outcrops, particularly in summer, is a physiologically advantageous condition for small mammals.
In terms of daily temperature fluctuation, the daily temperature of rocky terrains is stable within approximately 1˚C (Table 1) . Such a tendency of a smaller daily temperature fluctuation was also observed in an underground habitat of the red-backed vole in mountainous areas [25] . On the basis of the study about the relationship between body size and temperature regulation, small mammals with a larger body surface as compared to their body mass have lower adaptation potential to a wide range of air temper-atures than large mammals with a smaller body surface as compared to their body mass [32] . If small mammals live under the habitat environments and the ambient temperature is suitable to large mammals, small mammals have to increase their metabolic rate [33] . In addition, according to a previous study [34] , lower lethal hypothermia temperature and higher lethal hyperthermia temperature are present at variable ambient temperatures in mammals. Moreover, in such a temperature range, there is a thermal neutral zone in which the metabolic rate is minimal and the animal is at its basal metabolic rate. Generally, considering the thermal neutral zone, daily and annually lower fluctuations of ambient temperature are desirable to endothermal animals, particularly small mammals. Accordingly, we can expect that the lower daily difference between the DT max and DT min as a lower fluctuation of temperature is suitable for small mammalian metabolic systems. Thus, it is estimated that the present daily stable temperature conditions in the rocky outcrops are advantageous for the endothermal regulation mechanism in the metabolic system of small mammals.
The times of the DT max and DT min were recorded with a delay from those of the control. In particular, in the four rocky terrains at sites A, B, D, and F, 143 -268 days (39.1% -70.7%) were delayed by |6 − 12| ± 3 hours from the ambience in the control (Table 2) . Namely, the present results indicate that the heat potential of rocks is apparently different from that of the ambient air, and the warming on most days tends to be delayed a half day from that of the ambient air, particularly from autumn through spring ( Figure 5 ). As a similar example, seasonal changes in activity times are known to depend on the habitat temperatures in nocturnal degus in order to control the most appropriate body temperature [27] [35] . Thus, it is thought that the time delay of the DT max at the rocky outcrops seems to be more advantageous than the forest floors for the nocturnal activities of semi-fossorial small mammals, particularly in cold seasons.
